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Description 

The present invention relates to control appara- 
tus for a fuel cell generating system enfiployed. for 
example, for a power supply for an electric car 
such as a fork-lift truck. 

In general, in a fuel cell generating system 
formed by combining a fuel cell and a fuel re- 
former, it is difficult to have the output of the fuel 
cell follow the load variation with quick response 
particularly for use such as in the above-mentioned 
fork-lift truck in which the load is varied suddenly 
under operating conditions of travelling and cargo 
loading, since the response speed of the reformer 
is slow. Such being the case, there has already 
been proposed a hybrid fuel cell generating system 
in which a storage battery is connected to the 
output side of the fuel cell as a back-up for the fuel 
cell, electrical power deficiencies are made up from 
the storage battery under a heavy load operating 
condition in which the output of the fuel cell has to 
meet a heavy load. The storage battery is charged 
for recovery using surplus electric power from the 
fuel cell at times of light load or no load operation. 
Such a proposal is disclosed in Japanese Patent 
Application No. 121147/87. 

On the other hand, when the storage battery 
continues to be charged by means of the fuel cell 
in a light load or no load operating state which 
continues for a long time, the storage battery be- 
comes over-charged. Also, when an electrical pow- 
er deficiency on the part of the fuel cell is made up 
from storage battery for a long time under a heavy 
load operating condition, the storage battery be- 
comes over-discharged. If such over-charged and 
over-discharged states are repeated, the life of the 
storage battery is considerably shortened. A control 
unit for a fuel cell generating system has been 
proposed in which the charged level of the storage 
battery is monitored, the storage battery is held in 
a highly charged state so as to cope with a heavy 
load by controlling the output of the fuel cell in 
dependence on the residual capacity of the storage 
battery, and the stabilisation of electrical power 
supply to the load is arranged at the same time. 
Such a proposal is disclosed in Japanese Patent 
Application No. 110634/87, 

In US-A-3987352 there is described a control 
apparatus for a fuel cell generating system with a 
storage battery back-up power supply, in which a 
charge level detector (18) and an output current 
controller (26) are provided. A controller (28) con- 
trols the output current controller (26) in depen- 
dence on a target charge value to be maintained in 
the storage battery. 

In US-A-4677037, there is taught the control of 
the power output of a fuel, cell so as to reduce the 
discharge current of a back-up storage battery. 



It is highly desirable to maintain the storage 
battery of the generating system always in a state 
of high residual capacity so as to cope with a 
heavy load as when the load fluctuates suddenly in 

5 particular cargo handling states or motion states of 
a fork-lift truck. To this end, it is preferable to finish 
charging of the storage battery in the shortest 
possible time within the scope of providing a 
charging condition which does not shorten the life 

10 of the storage battery when taking advantage of the 
light load or no .load operating condition. 

The previously-proposed control systems only 
provide a basic control system that controls the 
output of the fuel cell variably in dependence on 

15 the charge level of the storage battery, and are 
insufficient to provide fine control of the output of 
the fuel cell based on the charging characteristics 
of the storage battery to satisfy the requirement for 
completion of the charging recovery of the storage 

20 battery in the shortest possible time under the 
allowable charging conditions that do not cause 
deterioration of performance of the storage battery 
as described above. 

Referring first to Figure 3, there is shown for a 

25 lead acid storage battery, charging and discharging 
characteristics in terms of voltage against a regular 
time factor. In regions A and B of said characteris- 
tics, the battery reactions of charging and discharg- 
ing are performed reversibly, whereas the stable 

30 reversible reaction collapses in the over-charged or 
over-discharged state represented by region C and 
an irreversible state is produced. It is known that, if 
the storage battery is used repeatedly in this re- 
gion, the battery characteristics not only deterio- 

35 rate, but also the life of the battery is shortened 
considerably. Referring to Figure 4, there is shown 
a current-to-voltage characteristic for the charging 
of each cell of a lead storage battery in terms of 
respective discharge levels (expressed as percent- 

40 ages of the fully discharged level), and a char- 
acteristic line D in Figure 4 represents a boundary 
for a permissible charging rate region. That is, safe 
charging operation can be performed only in a 
region of relatively small charging time rates below 

45 the intersection of each characteristic line for the 
respective discharging level and the boundary line 
D. Progressive deterioration of performance of the 
storage battery takes place rapidly if there is re- 
peated rapid charging involving a relatively large 

50 charging current corresponding to the broken line, 
region in Figure 4 which extends beyond the inter- 
section of the line D with the discharge level char- 
acteristic line. In other words, when a storage bat- 
tery is being charged for recovery, the allowable 

55 charging current, and therefore the allowable 
charging voltage, varies in dependence on the 
state of the residual capacity according to the 
characteristics of the storage battery. In particular. 
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when light load operating times during intervals of 
heavy load operation are utilised as described 
above for the power supply of a fork-lift truck and it 
is required to charge the storage battery for recov- 
ery in a short time without causing deterioration of 
the battery characteristics, it is necessary to pro- 
vide fine control of the charging for recovery using 
the charging conditions closest to the limit of the 
allowable charging rate region shown in Figure 4 as 
represented by the line D. 

It is an object of the present invention to pro- 
vide a control unit for a fuel cell generating system 
which makes it possible to perform fine control of 
the charging operation so as to charge the storage 
battery for recovery within the shortest possible 
time to reach the target charge level under charg- 
ing conditions such as to avoid as far as possible 
deterioration of performance of the storage battery, 
and to provide optimum performance in a hybrid 
fuel cell generating system used in particular to 
provide a power supply subject to sharp load fluc- 
tuations such as in a fork-lift truck. 

According to this invention, there Is provided 
control apparatus for a hybrid fuel cell generating 
system arranged to supply electrical power to a 
load by connecting a storage battery as a back-up 
power supply to the output of a fuel cell, said 
control apparatus comprising means for controlling 
the power output of the fuel cell, means for detect- 
ing the residual capacity of the battery, and means 
for providing a predetermined target value for the 
charge capacity of the battery, characterised in that 
the apparatus further comprises means for control- 
ling the output current drawn out of the fuel cell, 
means for detecting the voltage of the storage 
battery, a controller for controlling the power output 
control means and the output current control 
means In dependence on pre-set values of allowa- 
ble charging voltages, as a function of the residual 
capacity of the battery, stored in the controller, and 
in dependence on the target charge capacity to be 
maintained, the pre-set allowable charging voltage 
values and the target charge capacity being pre- 
determined based on charging characteristics of 
the storage battery, and means for comparing said 
values with detected values of the battery voltage 
and residual capacity obtained from said detecting 
means, the result of the comparison serving to 
provide a signal on the basis of which said control- 
ler is arranged to control the power output control 
means and the output current control means to 
hold the battery charging voltage at the highest 
level, corresponding to the stored voltage values as 
a function of the actual capacity of the battery, 
compatible with avoiding deterioration of the bat- 
tery while bringing the residua! capacity up to the 
target value in the shortest possible time. 



Here, the set value of the allowable charging 
voltage and the target value of the charge level are 
stored in a memory provided in the controller, in 
which the target value of the charge level to be 

5 maintained is pre-set preferably at more than 80% 
of the rated value, and the charging control pattern 
is set in dependence on the residual capacity of 
the storage battery in accordance with an allowable 
charging rate boundary line E shown in Figure 2 

70 . and determined on the basis of the current-voltage 
characteristic of the storage battery shown in Fig- 
ure 4. Also, the residual capacity of the storage 
battery is obtainable by monitoring the charge and 
discharge levels of the storage battery through 

75 charge level detecting means and computing a 
comparison with the rated capacity. 

When electricity is discharged from the storage 
battery during heavy load operation with the gen- 
erating system switched on and the residual capac- 

20 ity is lowered to less than 80%, the detected value 
of the charge level and the voltage value of the 
storage battery are compared with respective pre- 
set values stored in the memory of the controller 
as previously described, and the power output con- 

25 trol means and the output current control means 
are controlled in dependence on the comparison 
result so as to have the power output and the 
output current of the fuel cell Increase In such a 
way that the charging voltage for the storage bat- 

30 tery, viz, the output voltage fed in parallel to the 
load and to the storage battery from the fuel cell 
does not exceed the pre-set value for the allowable 
charging voltage of the storage battery, thus charg- 
ing for recovery until the storage battery reaches 

35 the target charge level. In addition, practical control 
is performed by means of a three-term control 
system arranged to give PID (proportional-integral- 
differential) control after determining the pre-set 
value at one point above the residual capacity of 

40 80% of the storage battery or 2-position control 
which is performed by determining two points 
above the residual capacity of 80%. 

In such a manner, by controlling the output of 
the fuel cell while controlling the charging voltage 

45 to the pre-set value of the allowable charging volt- 
age in accordance with the residual capacity of the 
back-up storage battery, it is possible to charge the 
storage battery for recovery in a short time in such 
a way that deterioration of performance of the 

50 storage battery Is not caused when the residual 
capacity of the storage battery is lowered to below 
the target value and to always feed stable electric 
power to the load corresponding to sharp fluc- 
tuations of th0 load at the same time. 

55 An embodiment of this Invention will now be 

' described, by way of example, with reference to 
the accompanying drawings in which:- 
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Figure 1 is a block circuit diagram of control 
apparatus for a fuel cell generating systenn em- 
bodying the present invention; 
Figure 2 is a graph of allowable charging voltage 
per unit cell against charge state of a storage 
battery of the control apparatus shown in Figure 
1; 

Figure 3 is a graph of the charging and dis- 
charging characteristics of the storage battery: 
and 

Figure 4 is a set of graphs of charging current 
against charging voltage per unit cell character- 
istic of the storage battery. 
Referring to Figure 1, there is shown control 
apparatus for a fuel cell generating system which 
has a raw material tank 1 storing reforming raw 
material such as methanol, a reformer 2, a fuel cell 
3, and a DC to DC converter 4 as means for 
controlling output current from the fuel cell 3. 

The system also has a load 5 and a storage 
battery 6 for back-up. Also, a raw material transfer 
pump 7 is arranged for feeding reforming material 
to the reformer 2 from the raw material tank 1, a 
combustion air blower 8 is arranged for supplying 
combustion air to a burner of the reformer 2, and a 
reaction air blower 9 is arranged for supplying 
reaction air into the fuel cell 3. An auxiliary control- 
ler 10 is provided as output control means which 
performs control of the fuel cell output by control- 
ling the operation of the various devices making up 
the fuel ceil generating system. 

The reformer 2 is arranged to obtain reforming 
reaction heat by burning the exhaust gas dis- 
charged from the fuel cell 3, and the electric power 
consumed by the various devices and the auxiliary 
controller 10 is obtained from the output side of the 
fuel cell 3. 

In addition, for control of the fuel cell generat- 
ing system, control apparatus is provided by the 
output control means of the fuel cell, a current 
detector 11" for the storage battery 6 including an 
output current control means, an ampere hour me- 
ter 12 for calculating charging and discharging cur- 
rents for the storage battery as detected by said 
current detector 11, a voltage detector 13 for the 
storage battery and a controller 15 which outputs a 
control command signal Ifc to the auxiliary control- 
ler 10 and to the DC to DC converter 4 in depen- 
dence on the result of comparison of signals from 
the ampere hour meter 12 and the voltage detector 
13 and a charge level target value (a value higher 
than a residual capacity of 80%) of the storage 
battery as stored in a memory 14, with a pre-set 
value for the allowable charging voltage given in 
accordance with the control pattern shown in Fig- 
ure 2. The DC to DC converter 4 has a controller 
16 and an output .current detector 17 for the fuel 
cell 3 detects the current on the Input side of the 



DC to DC converter 4. A comparator 18 Is provided 
for comparing the detected signal of said current 
detector 17 with the command signal Ifc from the 
controller 15. 

5 In operation, when the fuel cell generating sys- 

tem is operated, power is fed to the load 5 and the 
detected values of charge level and discharge level 
and the voltage of the storage battery 6 are input to 
the controller 15 through the current detector 11, 

10 the ampere hour meter 12 and the voltage detector 
13 respectively. The controller 15 computes the 
residual capacity of the storage battery 6 and also 
compares the charge level target value (a value 
higher than the residual capacity of 80%) of the 

75 storage battery that is stored in the memory 14, 
with the charging voltage pre-set value correspond- 
ing to the residual capacity of the storage battery 
in accordance with the control pattern of the al- 
lowable charging voltage boundary line E shown in 

20 Figure 2, and the command signal Ifc is output 
from the controller 15 based on the result of such 
comparison. 

This command signal is supplied to the auxil- 
iary controller 10, which serves to control the raw 

25 material transfer pump 7, the combustion air blower 
8 and the reaction air blower 9 in accordance with 
the command signal Ifc, thereby controlling the 
output of the fuel cell 3. At the same time, the 
command signal Ifc is compared in the comparator 

30 18 with the output signal from the fuel cell current 
detector 17, the DC to DC converter 4 is controlled 
by means of the controller 16 using the result of 
the comparison as the control signal, and the out- 
put current of the converter 4 is varied so as to 

35 vary the output current of the fuel cell supplied to 
the load 5 and the storage battery 6 in dependence 
on the command signal Ifc. In this operating state 
electricity can be discharged from the storage bat- 
tery 6 so as to make up any power shortage to the 

40 load 5 when there is an increase in the load. As a 
result, the residual capacity is lowered below the 
charge level target value and so the voltage of the 
storage battery 6 falls into the range of the allowa- 
ble charging voltage. Accordingly, the controller 15 

45 outputs the command signal Ifc so as to increase 
the output current of the DC to DC converter 4 but 
so as not to exceed the pre-set value of the allowa- 
ble charging voltage corresponding to the allowable 
charging voltage boundary line E of the control 

50 pattern shown in Figure 2. 

■ The same command signal Ifc is applied to the 
auxiliary controller 10 before the current of the DC 
to DC converter is increased so that the output of 
the fuel cell is increased. With this, the output 

55 current of the DC to DC converter 4 is increased 
with some delay in time following the output of the 
fuel cell. 
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This controlled state is continued until the 
charge level of the storage battery 6 reaches the 
target value (a particular value above the residual 
capacity of 80%), and during this charging process, 
charging for recovery is perfornned by arranging 
that the command signal Ifc which is output from 
the controller 15 varies instantaneously so that the 
allowable charging voltage pre-set value changes, 
following the allowable charging voltage boundary 
line E given by the control pattern in Figure 2 with 
increase in the charge level of the storage battery 
6. This control operation is performed by a control 
method such as PID control or 2-positlon control as 
previously described. 

When the charge level of the storage battery 6 
recovers to the target value, the output of the fuel 
cell is controlled by means of the controller 15 so 
as to be lowered to the original operating level. In 
the case of no external load such as the time of 
interruption of operation of a fork-lift truck de- 
scribed above, the fuel cell is controlled to stop 
once the storage battery is charged. 

The embodiment described above thus pro- 
vides control apparatus for a hybrid fuel cell gen- 
erating system arranged to perform electrical pow- 
er supply to a load by connecting to the output of a 
fuel cell a storage battery as a back-up power 
'supply, said control apparatus comprising means 
for controlling the power output of the fuel cell, 
means for controlling the output current drawn out 
of the fuel cell, means for detecting the voltage of 
the storage battery, means for detecting the charge 
level of the storage battery, and a controller for 
controlling the power output control means and the 
output current control means in dependence on a 
pre-set value of an allowable- charging voltage cor- 
responding to the charged level of the storage 
battery, and in dependence on a target value for 
the charge level to be maintained, said pre-set 
allowable charging voltage value and said target 
charge level value being predetermined based on 
charging characteristics of the storage battery, 
means being provided for comparing said values 
with detected values of the voltage and charge 
level of the storage battery respectively obtained 
from said detecting means, the result of the com- 
parison serving to provide a signal on the basis of 
which said controller is arranged to control the 
power output control means and the output current 
control means. 

By controlling the output of the fuel cell while 
controlling the charging voltage not to exceed the 
allowable value thereby to charge the storage bat- 
tery for recovery to reach the target value after the 
residual capacity of the storage battery has 
dropped to below the target value because of dis- 
charging from the storage battery due to an in- 
crease in the load, the control apparatus described 



above provides a fuel cell generating system hav- 
ing desirable characteristics particularly when used 
as a power supply with sharp load variation such 
as in a fork-lift truck, so that it is possible to 

5 complete charging of the storage battery in a short 
time under charging conditions such that there is 
minimal deterioration of performance of the storage 
battery, thus generally holding the storage battery 
at a high charge level which is able to cope with 

70 heavy loads without shortening the life of the stor- 
age battery and also performing stable power sup- 
ply to the load. 

Claims 

75 

1. Control apparatus for a hybrid fuel cell gen- 
erating system arranged to supply electrical 
power to a load (5) by connecting a storage 
battery (6) as a back-up power supply to the 

20 output of a fuel cell (3), said control apparatus 
comprising means (10) for controlling the pow- 
er output of the fuel cell (3), means (12) for 
detecting the residual capacity of the battery 
(6), and means (15) for providing a predeter- 

25 mined target value for the charge capacity of 

the battery (6). characterised in that the ap- 
paratus further comprises means (4) for con- 
trolling the output current drawn out of the fuel 
•cell (3), means (13) for detecting the voltage of 

30 the storage battery (6), a controller (15) for 

controlling the power output control means (10) 
and the output current control means (4) in 
dependence on pre-set values of allowable 
charging voltages, as a function of the residual 

35 capacity of the battery (6), stored in the con- 

troller (14. 15), and in dependence on the 
target charge capacity to be maintained, the 
pre-set allowable charging voltage values and 
the target charge capacity being predeter- 

40 mined based on charging characteristics of the 

storage battery (6), and means (15) for com- 
paring said values with detected values of the 
battery voltage and residual capacity obtained 
from said detecting means (12, 13), the result 

45 of the comparison serving to provide a signal 

on the basis of which said controller (15) is 
arranged to control the power output control 
means (10) and the output current control 
means (4) to hold the battery charging voltage 

50 at the highest level, corresponding to the 
stored voltage values as a function of the ac- 
tual capacity of the battery (6), compatible with 
avoiding deterioration of the battery (6) while 
bringing the residual capacity up to the target 

55 value in the shortest possible time. 

2. An apparatus according to Claim 1, charac- 
terised in that a DC to DC converter (4) is 
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2. Gerat nach Anspruch 1, dadurch gekennzeich- 
net, dafi ein Gleichstromwandler (4) als ein 
Ausgangsstrom-Regelmlttel fur die Brennstoff- 
zelie (3) vorgesehen ist. 

5 

3. Gerat nach Anspruch 1, dadurch gekennzeich- 
net, daB ein Nutzleistung-Regelmittel (10) fur 
die Brennstoffzelle (3) die Versorgung der 
Brennstoffzelle (3) mit einem Rohstoff und des- 

70 sen Verbrennung regelt, in Abhanigigkeit von 

einem in einem Komparator durchgefuhrten 
Vergleich der ermittelten Spannungs- und La- 
dungsniveauwerte der Speicherbatterie (6) mit 
der zulassigen Ladespannung und dem Soll- 
75 Ladeniveau. 



provided as an output current control means 
for the fuel cell (3). 

3. An apparatus according to Claim 1 or Claim 2, 
characterised in that an output power control 
means (10) for the fuel cell (3) controls the 
supply and combustion of a raw material to the 
fuel cell (3) in dependence on the comparison 
In a comparator (18) of the detected values of 
voltage and charge level of the storage battery 
(6) with the allowable charging voltage and the 
target charge level. 

PatentansprUche 

1. Regelgerat fur ein System zur Erzeugung von 
hybriden Brennstoffzellen, das einen Verbrau- 
cher (5) mit Strom versorgt, indem es eine 
Speicherbatterie (6) als Notstromversorgung 
mit dem Ausgang einer Brennstoffzelle (3) ver- 20 
bindet, wobei das Regelgerat Mittel (10) zur 
Regelung der Nutzleistung der Brennstoffzelle 
(3), Mittel (12) zur Feststellung der Restladung 
der Batterie (6) und Mittel (15) zur Bereitstel- 
lung einem vorherbestimmten SoUwerts des 25 
Ladevermogens der Batterie (6) umfafit, da- 
durch gekennzeichnet, dafi das Gerat ferner 
Mittel (4) zur Regelung des Ausgangsstroms, 
der der Brennstoffzelle (3) entnommen wird. 
Mittel (13) zur Ermittlung der Spannung der 30 
Speicherbatterie (6). ein Regelgerat (15) zur 
Regelung des Nutzleistung-Regelmittels (10) 
und des Ausgangsstroms-Regelmittels (4) um- 
fal3t. in Abhangigkeit von voherfestgesetzten 
Werten zulassiger Ladespannungen, die als 35 
Funktion der Restladung der Batterie (6) Im 
Regelgerat (14,15) gespeichert sind, und in 
Abhangigkeit vom aufrechtzuerhaltenden Soll- 
Ladevermogen, wobei die vorherfestgesetzten 
•zulassigen Spannungswerte und das Soli-La- 40 
devermogen auf den Ladekurven der Speich- 
erbatterie (6) basierend vorher festgesetzt wer- 
den, und Mittel (15) zum Vergleichen der Wer- 
te mit den durch die Nachweismittel (12,13) 
erhaltenen Werte der Batteriespannung und 45 
der Restladung, wobei das Vergleichsergebnis 
dazu dient. ein Signal auf der Ebene bereitzu- 
stellen. auf deren Basis das Regelgerat (15) 
zur Regelung des Nutzleistung-Regelmittels 
(10) und das Ausgangsstrom-Regelmittels (4) so 
ausgerichtet ist, um die Ladespannung der 
Batterie auf dem hochsten Niveau zu halten 
entsprechend den gespeicherten Spannungs- 
werten als eine Funktion der effektiven Ladung 
der Batterie (6), indem eine Verschlechterung 55 
der Batterie (6) dadurch vermieden wird, daB 
die Restladung schnellst mdglich auf den Soli- 
wert gebracht wird. 



Revendications 

1. Dispositif de commande pour un systeme ge- 
nerateur hybride h pile h combustible agence 
pour fournir une puissance electrique a une 
charge (5) en reliant une batterie de stockage 
(6) en tant qu'alimentation auxiliaire de puis- 
sance a la sortie d'une pile a combustible (3), 
ledit dispositif de commande comprenant des 
moyens (10) pour commander la sortie de 
puissance de la pile a combustible (3), des 
moyens (12) pour detecter la capacite resi- 
duelle de la batterie (6), et des moyens (15) 
pour determiner une valeur cible predetermi- 
nee pour la capacite de charge de la batterie 
(6), caracterise en ce que le dispositif com- 
prend en outre des moyens (4) pour comman- 
der le courant de sortie tire de la pile a com- 
bustible (3), des moyens (13) pour detecter la 
tension de la batterie de stockage (6), une 
unite de commande (15) pour commander les 
moyens de commande de sortie de puissance 
(10) et les moyens de commande de courant 
de sortie (4) en dependance de valeurs preeta- 
blies de tensions de charge admissibles, en 
fonction de la capacite residuelle de la batterie 
(6). stockees dans Tunite de commande (14, 
15) et en dependance de la capacity de char- 
ge cible h maintenir, les valeurs de tension de 
charge admissibles preetablies et la capacite 
de charge cible etant determinees sur la base 
de caracterlstiques de charge de la batterie de 
stockage (6), et des moyens (15) pour compa- 
rer lesdites valeurs avec des valeurs d^tect^es 
de la tension de la batterie et de la capacite 
residuelle obtenue desdits moyens de detec- 
tion (12. 13). le resultat de la comparaison 
servant h fournir un signal sur la base duquel 
ladite unite de commande (15) est agencee 
pour commander les moyens de commande 
de sortie de puissance (10) et les moyens de 
commande de courant de sortie (4) pour main- 
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tenir la tension de charge de la batterie au 
niveau le plus eleve, correspondant aux va- 
leurs de tension stockees en fonction de la 
capacite actuelle de la batterie (6). compatibles 
pour eviter une deterioration de la batterie (6) 5 
tout en amenant la capacite residuelle jusqu'a 
la valeur cible en une duree aussi courte que 
possible. 

2. Dispositif selon la revendication 1, caracterise io 
en ce qu'un convertisseur de courant continu 

. en courant continu (4) est pr^vu en tant que 
moyen de commande du courant de sortie 
pour la pile k connbustlbie (3). 

15 

3. Dispositif selon la revendication 1 ou la reven- 
dication 2, caracterise en ce qu'un moyen de 
commande de puissance de sortie (10) pour la 
pile a combustible (3) commande {'alimenta- 
tion el la combustion d*une matlere premiere 20 
dans la pile a connbustible (3) en fonction de la 
comparaison dans un comparateur (18) des 
valeurs detectees de la tension et du niveau 

de la charge de la batterie de stockage (6) 
avec la tension de charge admissible et le 25 
niveau de charge cible. 
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